physicians cited smoking as a risk factor in only 173/382 (45.3%). Physicians cited smoking as a risk factor more often among current smokers, when classifying alcohol as CP etiology, and with higher amount and duration of smoking. We observed a wide variability in physician decision to cite smoking as a risk factor. Multivariable regression analysis however confirmed that the association of CP with smoking was independent of physician decision to cite smoking as a risk factor. Conclusions: Physicians often underrecognize smoking as a CP risk factor. Efforts are needed to raise awareness of the association between smoking and CP. 
Introduction
Chronic pancreatitis (CP) is an inflammatory disorder most commonly associated with alcohol consumption [1] [2] [3] [4] [5] [6] [7] [8] [9] . Since 1982 [10] , smoking has been recognized as a risk factor for CP, particularly in alcohol-related CP compared with CP arising from other causes [9] [10] [11] [12] [13] [14] . Smoking has been included in the classification systems proposed for CP [15, 16] . We previously reported stratified analyses of various drinking levels to demonstrate that the association between smoking and CP is independent of alcohol, is dose-dependent, and increases with the level of alcohol consumption [17] . Similar results have been reported in a large population-based study [18] . Smoking has been linked to the evolution from acute to CP [19] and progression of CP [20] [21] [22] . Moreover, smoking cessation after CP diagnosis may slow disease progression [23] . Therefore, recognition of smoking as a risk factor for CP provides an opportunity for counseling and smoking cessation as an intervention for primary and secondary prevention.
However, it is unclear how often and in which patients physicians consider smoking as a risk factor for CP. Using data from the North American Pancreatitis Study-2 (NAPS2) [24] , we compared patient self-reported smoking status with the enrolling physician assessment of smoking as a risk factor for CP.
Material and Methods

NAPS2 Study
NAPS2 is the largest, multi-site molecular epidemiology study of pancreatitis to date in North America. In this study, 19 secondary and tertiary academic medical centers with pancreatology expertise prospectively enrolled 1,000 pancreatitis patients (540 CP, 460 recurrent acute pancreatitis) and 595 control subjects between 2000 and 2006 [24] . Another center with primary care practice enrolled an additional 100 control subjects [24] . CP was diagnosed by definitive evidence on imaging studies (endoscopic retrograde cholangiopancreatography or abdominal computed tomography scan) (83%) or histology (5%). In 9% cases, the diagnosis was based on endoscopic ultrasound and/or magnetic resonance cholangiopancreatography. Control subjects were spouses (34.2%), family members (27.5%), or friends of affected individuals or were unrelated individuals (38.3%). The study was approved by the institutional review board at each participating center and all subjects provided informed consent prior to enrollment.
Self-Reported Smoking Status and Alcohol Consumption
Each patient and control subject provided information on whether he/she ever smoked (defined as 1 100 cigarettes during lifetime), date when starting smoking, date of quitting smoking (if applicable) and the average number of cigarettes smoked per day [24] . Using this information, patients and control subjects were stratified into never or ever smokers. Ever smokers were further classified as past or current smokers. The amount of smoking was quantified as packs per day ( ! 1 if a subject smoked ! 20 cigarettes/day or 6 1 if smoked 6 20 cigarettes/day), and the duration of smoking (years) and pack-years (average amount ! duration) was determined for each individual. For this study, we analyzed data only from centers that enrolled CP patients. After excluding subjects with missing information on ever smoking status, the final sample size was 535 for CP patients and 591 for controls.
The information on self-reported alcohol consumption during the maximum lifetime drinking period was used to create five drinking categories as described previously [24] . The drinking categories were defined as: Abstainer : no alcohol use or ! 20 drinks in lifetime; Light drinker : ^ 3 drinks/week; Moderate drinker : 4-7 drinks/week for females, 4-14 drinks/week for males; Heavy drinker : 8-34 drinks/week for females, 15-34 drinks/week for males, and Very heavy drinker : 6 35 drinks/week for either sex. One drink was defined as one beer, a glass of wine, one shot of liquor or a mixed drink. A high correlation between drinking categories and measure of at-risk drinking behavior (TWEAK score) was seen, as reported previously [17] .
Diagnosis of Alcohol and Smoking by Physicians
The enrolling physicians were all board-certified gastroenterologist(s) with a specific interest in the diagnosis and management of pancreatic disorders. The enrolling physician was asked to select one or more diagnostic etiologies for CP from among the following choices: alcohol, idiopathic, hereditary, cystic fibrosis, pancreas divisum, hyperlipidemia, hypercalcemia, trauma, and other (with space provided to add details). Physicians were also provided a list of all known or potential risk factors for CP and asked to check off as many as they believed applied to the enrolled patient. Tobacco smoking was listed as one of the risk factors [24] .
For each patient, we noted whether the enrolling physician classified alcohol as a diagnostic etiology or risk factor for CP and whether smoking was selected as a risk factor.
Data Analysis
Descriptive analyses are presented as proportions for categorical data and as mean 8 SD or median and interquartile range for continuous data, as applicable. Bivariate comparisons for continuous variables were performed using the Mann-Whitney U test and for categorical data using the 2 test or Cochran-Armitage test, as applicable.
To evaluate whether the association between smoking and CP is independent of physician decision to cite smoking as a risk factor, we performed multivariable logistic regression analyses similar to our earlier publication [17] after stratification of the 13 centers (recruited 97% of all CP patients) into two groups based on whether physicians cited smoking as a risk factor in less or more than 50% of current smokers. In regression analyses, we used alcohol consumption (as drinking categories), age (as a continuous variable), sex (male, female), and current or maximum body mass index) (normal/low, ^ 25; overweight, 1 25-^ 30; obese, 1 30) as covariates. Smoking was assessed as never or ever; never, past, current; never, ! 1, 6 1 PPD, and never, ! 12, 12-35, 1 35 packyears. We used abstainers and light drinkers as the reference cat-egory for alcohol consumption. Regression models were evaluated by the goodness-of-fit 2 test. Two-sided p values ! 0.05 were considered significant. Data analysis was performed using the R Project software (www.r-project.org) and SPSS version 16 (SPSS Inc., Chicago, Ill., USA).
Results
Prevalence of Smoking in the NAPS2 Cohort
As previously published [17] , ever smoking was selfreported by 382 of the 535 CP patients enrolled (71.4%). Overall, 129 (24.1%) were past, and 253 (47.3%) were current smokers; 147 (28.7%) reported smoking ! 1 PPD, and 213 (41.5%) reported smoking 6 1 PPD. The prevalence of smoking was higher in men (ever, 80.4%; current, 53.9%; 6 1 PPD, 52.4%) compared with women (ever, 61.6%; current, 40%; 6 1 PPD, 29.5; p ! 0.001 all comparisons).
Physician Classification of Smoking as a Risk Factor
Physicians cited tobacco smoking to be a risk factor in only 173 of the 382 patients who reported ever smoking (45.3%). Physicians were more likely to cite smoking as a risk factor in current compared with past smokers (53 vs. 30.2%, p ! 0.001) ( table 1 ). They were more likely to cite smoking as a risk factor among patients reporting higher duration (median 32.5 vs. 26.4 years, p ! 0.001) and amount (30.6 vs. 22.1 pack-years, p = 0.003) of smoking.
Physician Classification of Smoking as a Risk Factor after Stratification by Alcohol Etiology
Overall, physicians considered alcohol as a diagnostic etiology and/or risk factor in 238 of the 535 CP patients (44.7%) in the NAPS2 cohort. Among smokers, physicians were more likely to cite tobacco smoking as risk factor among patients in whom they also considered alcohol as an etiologic diagnosis compared with CP patients with non-alcohol etiologies (54.5 vs. 32.5%, p ! 0.001). They cited smoking as a risk factor equally among past and current smokers (51.1 vs. 55.4%, p = 0.62) in conjunction with an alcohol diagnosis. However, among patients for whom alcohol was not cited as a diagnostic etiology, physicians cited smoking as a risk factor more often among current compared with past smokers (47.4 vs. 19%, p ! 0.001). Among current smokers, physicians were equally likely to cite smoking as a risk factor, irrespective of alcohol diagnosis (55.4 vs. 47.4%, p = 0.27) ( table 1 ).
In the alcohol etiology group, neither duration (median 32. 
Self-Reported Smoking Status and Physician Classification after Stratification by Center
The prevalence of self-reported smoking by CP patients at the 13 centers that enrolled 97% cases was generally similar ( fig. 1 ). However, wide variability was seen in the smoking classification by physicians at these centers ( fig. 2 a, b) . The proportion of patients in whom physicians cited smoking as a risk factor ranged from as low as No alcohol etiology: p < 0.001 (current vs. past smokers). Alcohol etiology vs. no alcohol etiology: p < 0.001 (past smokers); p = 0.006 (less than one pack/day); p = 0.003 (one or more packs/day).
The number of patients in the smoking categories (current; past; packs/day) do not equal to ever smokers due to missing information.
Yadav et al. 0% for past smokers, 8.3% for current smokers, and 29% for patients who smoked 6 1 packs/day to as high as 100% for each of these categories ( fig. 2 a, b) . Table 2 shows data on multivariable logistic regression analyses for the association between smoking and CP after stratification of the enrolling centers based on whether physicians cited smoking as a risk factor for CP in less or more than 50% of self-reported current smokers. An independent association between smoking and CP was seen in both strata, and the strength of association between smoking and CP was similar irrespective of physician's consideration of smoking as a risk factor. When the center was used as a covariate in the regression models, it was not significant, while the association between smoking and CP remained significant (data not shown).
Stratified Analyses by Sex
Physician citation of smoking as a risk factor was generally similar overall and for alcohol diagnosis when stratified by sex for all comparisons (data not shown).
Discussion
Although more than two-thirds of patients with CP in our cohort reported smoking cigarettes, physicians -all of whom should be quite familiar with CP as a diseasecited smoking as a risk factor less than half the time. Physicians were more likely to cite smoking as a risk factor among current smokers, among patients reporting higher level of smoking, and with a concurrent alcohol diagnosis. As expected, the association between smoking and CP was independent of the physician's decision to cite smoking as a risk factor.
Such underappreciation of the association between smoking and CP varied widely among individual physicians. Possible reasons for this striking variability could be a belief of physicians that the association between smoking and CP is confounded by alcohol, evidence too unconvincing for physicians to acknowledge this association, or a lack of awareness of the association between smoking and CP. It is therefore possible that while being aware of the smoking status of the patients, physicians did not consider it to be a risk factor.
We examined the distribution of self-reported smoking at the participating centers to determine whether this variability could be explained by differences in the prevalence of smoking. However, the prevalence of smoking was generally similar across the participating centers. Furthermore, on regression analyses, a strong dose-dependent association of smoking with CP was seen after controlling for alcohol consumption, age, sex, and body mass index. A similar association of smoking with CP after stratification of the centers indicates that this association is independent of physician classification. Sample size: centers where smoking was cited as a risk factor: in ≤50% current smokers: controls -271; CP -282; in >50% current smokers: controls -310; CP -243.
Effective sample sizes for comparisons ranged from 79 to 88% for controls, and from 70 to 93% for CP patients.
Strong epidemiologic evidence in case-control as well as population-based studies has long demonstrated an association between smoking with CP [9-14, 17, 18] and, more recently, with acute pancreatitis [25] . The association between smoking and CP is stronger among patients who also consume alcohol [26] . However, two recent studies, including our own, have demonstrated that the association between smoking and CP is independent of alcohol [17, 18] , increased with the amount of consumption, and is possibly synergistic with alcohol [17] . A recent population-based study identified the attributable risk associated with smoking for pancreatitis to be 46% [18] . Clinical data also support associations between smoking and CP risk and progression [19] [20] [21] [22] [23] . Thus, the available evidence points toward a strong role for smoking in the development and progression of CP.
Physician advice and counseling has been shown to increase tobacco cessation rates. Even a simple advice affects cessation rates and the benefit increases with intensive intervention and reinforcements on follow-up visits [27] . We therefore urge greater awareness of the association between smoking and CP to ensure physicians inquire about smoking status among pancreatitis patients and further emphasize and encourage smoking cessation among patients who smoke. In addition to preventing disease progression, tobacco cessation in these patients may also help in reducing the effects of other tobaccorelated diseases, the prevalence of which is high in patients with CP [28] . In addition to gastroenterologists, our findings are specifically relevant to all internists and primary care physicians who follow these patients longitudinally and see them more frequently than specialists.
A potential limitation of our study is the choice of controls. Spouses, family members and friends used as controls in our study may have shared smoking habits with the patients. However, a higher rate of smoking in controls would only result in a 'conservative bias' by lowering the odds ratio for the association between smoking and CP. Moreover, the choice of controls would not be expected to influence the decision of enrolling physician whether to cite smoking as a CP risk factor. Secondly, other than alcohol etiology, we do not know what factors influenced physician decision to cite smoking as a risk factor for CP.
In conclusion, cigarette smoking is common in CP patients. However, physicians often underappreciate the influence of smoking on the development and progression of CP. Efforts are needed to raise physician and public awareness of the association between smoking and CP and toward increasing use of smoking cessation treatment for primary and secondary prevention.
